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Abstract 

The Nanarup Limestone Member of the Werillup Formation (Plantagenet Group) consists 
of white friable calcarenite of Late Eocene age. It has yielded an abundant, diverse fauna 
of benthic foraminifers which are discussed in this paper. The following new species are 
described: Haplophragmoides regularis, Textularia nancirupensis, T. colemani, T. jutsoni, 
Gaudryina aculeata, Pahnula hodgsoni , Quasibolivinella taylori n. gen., n. sp., Vaginulina 
hontibrooki , Pseudopoly morphina carteri , BuUtninelia rutledgei , Augidogerina huuti, E pis to- 
minella mcicgowrcini , Globorosalina westralieusis n. gen., n. sp., Ventonina dorreeni, Linderina 
glaessueri , Gaveli/iella westraiiensis . Many of these new forms are well known in Late Eocene 
faunas across southern Australia but have not been described formally previously. Several 
other species are discussed and many recorded in Appendix 1. The Nanarup Limestone 
Member accumulated in warm, clear, fully marine conditions on the eastern (lee) side of 
a granitic island in water some 20-35 m deep. The fauna is representative of a Late 
Eocene faunal subprovince along the south coast of Australia. 


Introduction 

Friable white calcarenite occurs at Nanarup, near 
Albany (Fig. 1) and contains a rich assemblage of 
planktic and benthic foraminifers. The limestone is 
the Nanarup Limestone Member of the Werillup 
Formation within the Plantagenet Group. It outcrops 
in a quarry (Fig. 1) and the thickness and extent of 
the calcarenite are unknown but both are quite small. 
Quarrying has disturbed the material a great deal but 
specimens representative of the original lithology are 
quite abundant. One provided the fauna described 
here. 

The fauna examined consists of 25 000 foraminifers 
of which 10% are planktic (see Quilty 1969). Note¬ 
worthy features of the fauna include the dominance 
by Maslinella chapmani Glaessner and Wade (about 
30% of the benthic fauna) and the diversity and 
abundance of textulariid fauna, most of which is made 
up of previously undescribed species. 

Quilty (1969) and Clarke and Phillips (1954) 
have given summaries of early work on the Tertiary 
of the region. The following are the most important 
references bearing on this study. Jutson and Simpson 
(1916) named the Plantagenet Beds and recorded 
Aturia australis McCoy. Chapman and Crespin (1926) 
placed the Plantagenet Beds in the Middle Miocene 
on molluscan evidence but later (1934), with further 
study, they considered them to be Early Miocene. 
Crespin (in Clarke, Teichert and McWhae 1946) 
replaced them in the Middle Miocene. 


* Appendix 1 is a Supplementary Publication and is not 
printed with the paper. Copies are lodged with the Society’s 
Library (c/o Western Australian Museum, Perth, W.A. 6000) 
and with the National Library of Australia (Manuscript Sec¬ 
tion, Parkes Place, Barton, A.C.T. 2600) and photocopies may 
be obtained from either institution upon payment of a fee. 


Glaessner (1953) seems to have been the first to 
dispute the Miocene age when he considered the age 
to be Late Eocene on the basis of Aturia clarkei 
Teichert, elsewhere of this age. Glenister and Glover 
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(1958) also gave a Late Eocene age because of the 
presence of Deitcidouautilus prora (Gle’nister, Miller 
and Furnish) a characteristic Late Eocene nautiloid. 
McWhae et al. , (1958) and Glaessner (in Lotze 1959) 
also quoted a Late Eocene age, probably on the basis 
of the nautiloid. McTavish (1966) was the first to 
publish the name Nannarup (sic) Limestone in 
discussing correlation of the Solomon Islands Tertiary. 
This reference was to very early work of the author 
(Qnilty in Hodgson, Quilty and Rutledge 1961). 
Cockbain (1967) recorded Asterocyclina from near 
Esperance and in 1968 (c) clarified the terminology 
of the sediments, erected the Plantagenet Group and 
defined several new formations, including the Werillup 
Formation of which the Nanarup Limestone (source 
of the material studied here) is a member. Also 
in 1968 (a, b), he recorded the nautiloid Cimomia 
and some foraminifers from Norseman. In 1969 he 
reported dasycladacean algae from the Werillup For¬ 
mation near Esperance. He has recorded Cyciammina 
from elsewhere in the Plantagenet Group (Cockbain 
1974). Backhouse (1970) listed the faunas from 
equivalents of the Nanarup Limestone Member at 
Esperance and included many of the forms described 
here. Quilty (1969) detailed the planktic foraminifer 
fauna from the Nanarup Limestone Member, docu¬ 
menting a Late Eocene age. In 1970 he described 
the problematical Triangulitta inflaia from these 
sediments and later (Quilty 1975) described Schackoi - 
nella wculeae from the same locality. The relation¬ 
ships of these sediments and faunas are discussed 
briefly in Quilty (1974 a, b). Hos (1975) recorded 
palynomorphs also from near Albany and confirmed 
the Late Eocene age. Cockbain (1978) examined 
discocyclinid foraminifers from Western Australia 
and documented Asterocyclina ef. Uornibrooki and 
Discocyclina sp. from the Werillup Formation near 
Esperance. 

Faunal affinities 

Some groups of benthic foraminifers are very use¬ 
ful for delineating faunal affinities and eventually for 
defining faunal provisions and realms. Some are not. 
Thus many speeies such as the various forms of 
Rosalind and many nodosariids are known worldwide 
and are as yet of little use in this regard. Other 
genera and speeies, including many in this fauna, are 
mueh more restricted in their distribution. The 
distribution of more restricted forms is controlled 
in part by climate and continental configuration, the 
latter controlling migration paths. Deposition at 
Nanarup occurred only some 10-15 m.y. after the 
separation of Australia and Antarctica began (Weissel 
and Hayes 1972) and this history has had an effect 
on the water eireulation patterns at the time. 

The break between Australia and Antarctica began 
as rifting much earlier (perhaps in the Jurassie) and 
by the Late Cretaceous a gulf (or even open water¬ 
way) had been opened, at least in the west (Quilty 
1973, 1974; Johnstone et al. 1973). By the Late 
Eocene, New Zealand and Australia had drifted apart 
to their present relative positions (Hayes and Ringis 
1973) and Australia and Antaretiea must have been 
very mueh eloser than they are now with Nanarup 
at some 65°S latitude (e.g. Crook and Belbin 1978). 
The similarity of the Australian and New Zealand 
faunas shows that there was free movement of 
shallow marine waters, probably from the west 


between Antarctica and Australia. Similar rocks and 
faunas may exist off Antarctica between present 
day longitudes of 110°E and 160°E. The scenario 
for this migration and water movement is very 
much in agreement with the model discussed by 
Frakes and Kemp (1972), Foster (1974), and 
Edwards (1975). 

Another important control on sediment (and 
hence faunal) distribution is relative sea level. Quilty 
(1974, 1977, 1980) recognised four cycles of sedi¬ 
mentation in the Cenozoie of Western Australia. 
McGowran (1979) has extended the concept Aus¬ 
tralia-wide and defined the same cycles as Sequences. 
Within the Middle and Late Eocene, Quilty recog¬ 
nised two transgressions (Cycles 2A and B), which 
McGowran takes as one Sequence (his Sequence 
Two) but with the Late Eocene more widespread 

than the Middle. Within the Late Eocene (Quilty’s 
Cycle 2B) he recognised three “excursions 1 ’ and 

the Nanarup material is taken here to have been 
deposited during one of these “excursions” although 
it is impossible at present to say which one. 

Within Quilty’s Cycle 2B, warm water conditions 
prevailed with the temperature gradient (warm 

west, cooler east) discussed by McGowran, and 

noted here in connection with Crespinina, the pre¬ 
sence of Asterocyclina in the west, and so on. It 
is not clear to which of McGowran’s three peaks 
the Asterocyclina fauna belongs and there could be 
a slight age difference between the Esperance and 
Nanarup sediments and faunas. 

There are strong endemic southern Australian 
and Australasian associations recognisable in this 
fauna and it seems that an Australasian faunal pro¬ 
vince existed in the Late Eoeene and that three sub¬ 
provinces ean be recognized. One element of the 
Nanarup fauna, Texiularia niagallanica Todd and 
Kniker, is in common with the Late Eocene of 
Magallanes Province, Chile (Todd and Kniker 
1952). Many of the new caleareous species described 
here are well known aeross southern Australia but ap¬ 
parently nowhere else. This group includes Pseudo- 
polymorphina carteri n. sp., and Crespinina kings- 
cotensis Wade. These species have been described 
or recorded by Glaessner and Wade (1959), Wade 
(1955), Crespin (1956), Ludbrook (1961), Lindsay 
(1969), Baekhouse (1970), Lindsay and Bonned 
(1973) and Cooper (1979). Another group of 
species (including Qnasibolivinelia tayiori n. gen., 
n. sp. Giabrateiia crassa Dorreen, Texiularia 
ototara Hornibrook, Bolivian pontis Finlay and 
several speeies of Anontalinoides and Cibicides ) is 
in common with contemporary faunas of New 
Zealand, as may be Asterocyclina Uornibrooki 
(Cockbain 1978). 

Only few of the endemic species are known from 
the western margin of Australia even though roeks 
of the right age and facies seem to be present. An 
important exception is Maslinella chapmani Glaessner 
and Wade which was recorded (Glaessner and Wade 
1959) from the Carnarvon Basin. This species is 
known also from aboriginal artifacts north of Perth 
(Glover and Cockbain 1971; Quilty 1978b). The 
distribution of Eocene rocks was summarised by 
Quilty (1974) and since then other Late Eocene fau¬ 
nas have been recorded from the Perth Basin (Quilty 
1978a,b). The records of Linderina brugesi and 
Victoriella piecte in Condon et al. (1956) may refer 
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to L. glaessneri and Wadella hamiltonenis. If they do, 
this extends the area of occurrence of these forms. 
The other endemic species listed earlier are unknown 
from the western margin sections. 

Thus it seems that foraminifer faunas from western 
and southern Australia and New Zealand represent 
a Late Eocene (Cycle 2B) faunal province which 
can be devided into three sub-provinces: (1) along the 
western margin and extending around the south 
coast approximately to Esperance and characterised 
by Asterocyclinci (although this does not mean that 
all localities will yield AsterocyHna ); (2) along the 
southern margin between Western Australia and 
Victoria, overlapping with the first at its western 
end. It is characterised by the presence of a group 
of southern Australian-New Zealand forms including 
many described here, but lacking Asterocyclinci. Some 
endemic forms are in common between this sub¬ 
province and the first; (3) New Zealand, consisting of 
the New Zealand Late Eocene, characterised, as is the 
first, by the presence of Asterocyclinci and many 
endemic southern Australian-New Zealand forms. The 
ultimate control on the discrimination of subprovinces 
seems to be water temperature. 

Local environment 

Turbulence , setlinity 

The lack of sorting, presence of complete articulated 
brachiopods, echinoids and so on, suggest that cur¬ 
rent activity was negligible at the time of deposition 
of the sediment. This is further supported by the 
spatial distribution of the Nanarup Limestone Mem¬ 
ber which occurs in only a small area immediately 
to the east of present-day granitic hills which in the 
Eocene would have been granitic islands. The time- 
equivalent sediments outside the area are siltstone 
and spongolite, representing sedimentation of water- 
current borne detritus. The Nanarup Limestone 
Member accumulated in the lee of islands, protected 
from the easterly-moving current. The sediment ac¬ 
cumulated under normal marine conditions as at¬ 
tested to by the foraminifers but also by the presence 
of nautiloids, abundant bryozoans etc. 

Temperature 

Asterocyclinci (a warm water genus) occurs near 
Esperance, 600 km east of Albany (Cockbain 1967) 
and the Nanarup fauna includes rare keeled Globo- 
rotalia and a high diversity of planktic foraminifers. 
These occurrences, in a general way indicate water 
temperatures equal to or higher than the present 
values. In the Carnarvon Basin, 1 500 km to the north, 
abundant Discocyclinci indicates tropical conditions. 
The decreasing proportion of subtropical or tropical 
indices farther east in southern Australia suggests 
that a gradient existed from the north-west to south¬ 
east of Australia with a tropical north-west and 
probably temperate south-east (see also McGowran 
1979). The Albany-Esperance area was probably 
subtropical with water temperatures of approximately 
18-25°C. Hos (1975) on the basis of palynology 
suggested that this region was subtropical or warmer 
and humid, totally consistent with the conclusions 
reached here. 

Depth 

The presence of a calcarenite made up of a very 
diverse fauna and flora, including abundant cal¬ 
careous algae, suggests quite shallow deposition, but 


the absence of much abrasion on specimens and the 
lack of sorting suggests accumulation below wave 
base. The foraminifer fauna is composed of 10% 
planktic species, suggesting deposition in about 30 m 
water depth although this figure, based on a single 
sample, must be accepted very tentatively. Faunal 
dominance (Walton 1964) is 28% and faunal divers¬ 
ity 16. Thus the fauna can be attributed to a position 
close to the boundary between 0-20 and 20-40 fathom 
fields. Also noteworthy is the low bolivinid per¬ 
centage, also consistent with deposition in less than 
35 m water depth. Consequently, a depth of deposi¬ 
tion of about 20-30 m seems reasonable. The palaeo- 
geographic map (Fig. 2) has been made allowing for 
the fact that the present day altitude of the limestone 
is 20 m above sea level. 


Systematic Palaeontology 

The taxa discussed include (a) new species and 
previously-defined species on which some significant 
comment can be made and (b) specifically-unidenti- 
fied forms worthy of comment; all these are figured. 
Other species are listed in Appendix 1; a few of the 
108 species so listed are figured in this paper. 

All specimens referred to in the text and figures 
are housed in the palaeontology collection of the 
Geology Department, University of Western Australia. 
In the figure captions they are preceded by the ab¬ 
breviation U.W.A.G.D. but this has been omitted 
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from the text. All new species and many of the 
other forms have been measured for length, width and 
thickness and these have been plotted. Copies of 
these plots are available from the author. 

Order Foraminiferida Eichwald 1830 
Suborder Textulariina Delage and Herouard 1896 
Superfamily Lituolacea de Blainville 1825 

Family Hormosinidae Haeckel 1894 
Genus Reophax de Montfort 1808 
Reophax sp. 

Figure 16G 
Material: 2 specimens 59287-288. 

Description and Remarks: Test finely arenaceous, 
slightly arcuate, circular in section; surface rough; 
sutures slightly depressed. Chambers 11 times as 
wide as long. Aperture terminal, central, simple, 
situated on a short but distinct neck. Proloculus 
spherical, 0.4 mm in diameter. Only two specimens 
were recovered, one consisting of a proloculus and 
a second chamber, the other consisting of 31 cham¬ 
bers with a well preserved aperture and neck. This 
undescribed species bears closest resemblance to 
R. euneta Jensen, a Holocene Australian species, 
R . bohemicum Perner, a large Czechoslovakian 
Cretaceous form and R . subnodulosa Grzybowski, 
a Late Eocene Polish form. 

Family Lituolidae de Blainville 1875 
Genus Haplophraginoides Cushman 1910 
Haplopliragmoides regularis Quilty n.sp. 

Figures 13A-C 

Material: 18 specimens. Holotype 59289; paratypes 
59290-59295, 59601. 

Diagnosis: Haplopliragmoides characterised by its 
small size, smooth surface and sutures which are 
slightly convex anteriorly and without external ex¬ 
pression. Final whorl with 6 to 8 chambers. The 
ratio maximum diameter/breadth/thickness is re¬ 
markably constant at 6/5/3. 

Description: Test small (average maximum dia¬ 
meter 0.60 mm, range 0.30-1.30 mm) convolutely 
coiled and therefore without umbilici. Thick¬ 
ness average 0.30 mm; range 0.16-0.55 mm. 
Outside surface smooth and sutures not apparent. 
In balsam or refractive index oil, sutures become 
evident and are simple, slightly convex anteriorly 
but not sinuous. Septa generally made up of few 
radially elongate quarts grains so that septum 
thickness corresponds to quartz grain thickness. Wall 
dominated by agglutinated material, almost devoid of 
cement, not^ labyrinthic. Final whorl with 6 to 8 
chambers. In a specimen 0.45 mm in maximum 
diameter, the thickness of the outer wall in the 
ultimate chamber is 0.10 mm. The anterior septum 
of the same chamber is approximately 0.04 mm 
thick. Aperture a narrow slit at base of terminal 
face of ultimate chamber; symmetrical, equatorial 
in position. Periphery rounded without a keel, but 
more sharply curved in the equatorial region than 
on the lateral parts of each chamber. The ratio 
maximum diameter/diameter perpendicular to maxi¬ 
mum/thickness remains remarkably close to 6/5/3 
throughout the sample studied. 


Remarks: Little or no primary calcium carbonate 
and no clay are present in the species and no 
colouration due to iron compound, so it seems likely 
that a tectinous cement is present. Fifteen of the 
18 specimens recovered were measured. 

There has been some confusion regarding the 
genera Cyclammina and Haplopliragmoides in the 
Australian Cainozoic and the former has been iden¬ 
tified from the Plantagenet Group by Cockbain 
(1974). Taylor (1965) discussed the distribution of 
Australian Cyclammina and decided that all are 
Haplopliragmoides . Ludbrook (1977) showed, that 
most are true Cyclammina with primary labyrinthic 
walls and thus are clearly different from the species 
under discussion. 

Family Textulariidae Ehrenberg 1838 

No consistent nomenclature has developed for 
textulariid morphology and I propose the self- 
explanatory terminology shown in Figure 3. 

Genus Rolivinopsis Yakovlev 1891 
Bolivinopsis cf. cubensis (Cushman and Bermudez) 

1937 

Figures 4, 13D, E 

cf. Spiro plectoicles cubensis Cushman and Bermudez 1937, p. 
13, pi. 1, figs, 44, 45. 

cf. Bolivinopsis cubensis (Cushman and Bermudez); Finlay and 
Marwick 1940, p. 107. 

Bolivinopsis crespinae Parr; Ludbrook 1961, p. 21. 
Bolivinopsis cubensis (Cushman and Bermudez); Cooper 
1979, pi. 19, fig. 8. 

Material: 34 specimens. Figured specimens 59306 
(2 specimens). 

Remarks: About 17 or 18 specimens appear to have 
all the biserial portion preserved but it is hard to 
be certain of this. Figure 4 shows a plot of dia¬ 
meter of the planispiral portion of micro- and 
megalo/sphcric forms. 

Solution in weak acid shows the wall to be finely 
arenaceous with non-calcareous material in it. A 
thin section indicates that the wall is imperforate 
and made up of calcareous cement and probably 
calcareous as well as non-calcareous particles. The 
calcareous cement seems granular and imperforate. 
Acid treatment also shows that the wall is lined with 
a tectinous (?) membrane, to which adheres much 
of the arenaceous material. 

Genus Textularia Ehrenberg 1838 
Textularia nanarupensis Quilty n.sp. 

Figures 13F-H 

Material : 53 specimens (42 complete). Holotype 
59307; paratypes 59308-59313. 

Diagnosis: A finely arenaceous Textularia , thickest 
near the periphery, thinnest at the axial suture, 
rhomboid in transverse profile. Basal angle 
averages 30°. 

Description: Test free, very finely arenaceous, com¬ 
pressed, biserial throughout. Wall simple, made up 
of very fine calcareous and non-calcareous particles*, 
cemented with apparently imperforate non-oriented 
granular calcite. Test lined inside with a thin colour¬ 
less organic membrane. When a specimen is dissolved 
in very weak acetic acid, much arenaceous material 
remains attached to this membrane. Test consists 
of approximately 20 chambers arranged biserially. 
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Breadth/height of chambers approximately 2/1 in shape, later passing through an inflated stage and 

mature chambers. Average length 0.51 mm; range usually in larger specimens, the last 2 or 3 chambers 

0.28-1.00 mm. Average thickness 0.2 A mm; range are strongly inflated. In transverse section the species 

0.12-0.38 mm. Average width 0.33 mm; range is rhomboid with rounded corners. Test shape 

0.20-0.55 mm. Early chambers have normal axial generally slightly convex in small specimens, trian- 
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(b) Characters af sutures 
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Figure 3.—Terminology used in describing textulariid foraminiferids. 
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Figure 4.—Size ranking of Bolixinopsis cf. cubensis and its 
relationship to lhe microspheric/megalospheric generation 
alternation. 


gular to concave in large specimens. Average basal 
angle 30°; range 20-40°. Test thickness least in the 
vicinity of the axial suture and greatest adjacent to 
the periphery, i.e. the sides are concave. The surface 
containing length and width often twists during 
growth. Sutures inclined, the angle of inclination 
averaging 38° (range 30-50°); depressed but much 
more strongly so in larger mature forms. Aperture 
simple, a slit near the proximal basal part of the 
final chamber; usually indistinct, but sometimes it is 
seen to be bounded by a well marked lip. 

Remarks'. When either length or width is plotted on 
a histogram, a slight bimodality is present, which may 
be due to the presence of both micro-and megalo¬ 
spheric specimens in the sample. 

The closest described species to the new one appears 
to be T. flintii Cushman from the Holocene of the 
North Pacific, but the basal angle seems to be too 
large, and the test shape in that species is not 
rhomboid but truly rectangular. There is no marked 
general depression on the surface in the region of the 
axial suture and the sutures overall are too depressed 
to be the new species. Other similar species are found 
in the genus Spiroplectammina . 

Textularia colemani Quilty n.sp. 

Figures 13T-K 

Material: 1430 specimens. Holotype 59314; paratypes 
59315-59324. 

Diagnosis: Textularia characterised by triangular 
outline, very white test made up mainly of fine calca¬ 
reous particles and cement with flush sutures, average 
length 0.60 mm, width 0.54 mm and thickness 
0.36 mm. Axial part of each side of the test has 
a zone of coarser arenaceous material. 

Description'. Test free, small, finely but obviously 
agglutinated; usually triangular in shape with an aver¬ 
age basal angle of 50° and range 35-110°. Length 
range 0.20-1.12 mm; width 0.30-0.95 mm; thickness 
0.20-0.60 mm. Surface of test smooth. Biserial 
throughout with 10-13 pairs of chambers. Periphery 


carinate, generally throughout ontogeny but occa¬ 
sional specimens have rounded periphery in the last 
1 or 2 chambers. Walls thin with a tectinous inner 
lining. Arenaceous particles apparently mainly 
calcareous. Most of the non-calcareous residue after 
acid treatment remains attached to the tectinous inner 
lining. Along the axial part of each side of the test, 
there is a zone of coarser arenaceous material. 
Sutures generally flush and indistinct, but occasionally 
slightly depressed; not inclined except in the first few 
chambers. Axial shape of chambers changes quickly 
after 5 to 8 pairs of chambers (usually 6 or 7) have 
been formed. It changes from a flattened to normal 
shape, usually without having any effect on the overall 
test shape, but occasionally causing a small ‘shoulder’ 
to develop on the periphery. Aperture a narrow slit 
at the basal part of the proximal margin of each 
chamber. 

Remarks'. This species is the most abundant of the 
agglutinated foraminifers in this sample. One hundred 
were selected at random and were measured for 
length, width and thickness. 

Of the species described from the Australasian 
region, T. semicarinata Hornibrook is the most 
similar. The length/width measurements taken from 
his paper (Hornibrook 1961, pi. 1, figs. 2, 3) fall 
within the range of this species. There is a discrep¬ 
ancy between his description and figures, however, 
as he states in the description that the holotype is 
1.05 mm long whereas from his figure it is only 
0.62 mm long. In either case the length/width ratio 
matches. T. colemani can be distinguished from 
T. semicarinata by its less distinct sutures and fewer 
chambers. 

T. aegyptica Said has the same length/width ratio 
and size range but fewer chambers, extremely coarse 
skeletal material and the chambers are arranged in 
a regular series rather than changing character quickly 
after the sixth pair of chambers has been added. Also 
the carinate periphery is not marked enough. 

T. bartonana Lalicker is too thick with respect to 
the width and length, i.e. L/W is too high and W/T 
too high, the sutures arc too distinct in the later 
chambers and too few chambers seem to be present. 

T. blocki Hoeglund is much more variable, and 
the final few chambers are much too inflated. 

Textularia niagallanica Todd and Kniker 1952 
Figures 13L-N 

Textularia magallanica Todd and Kniker 1952, n. 7, pi. 1, 

figs. 20, 21. 

Material: 70 specimens. Figured specimen 59332. 

Remarks: Average length is 0.86mm; range 0.45 to 
1.38 mm. Width is 0.60 mm; range 0.40 to 0.85 mm. 
Thickness is 0.42 mm; range 0.37 to 0.65 mm. Of 
the species so far described, T. colemani n.sp. from 
this locality is similar in wall structure, composition 
and surface texture but differs in size and in the 
characters of the sutures which are distinctly and 
uniquely depressed in T. niagallanica. This species 
seems to be the only element of the benthic fauna 
which can be identified positively as being in common 
with coeval South American deposits and adds a 
little support for the contention that an open marine 
waterway existed between south-western Australia 
and the Pacific Ocean at this time. 
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Figure 5.—Transverse profile of occasional specimens of 
Textularia jutsoni n. sp. with “pinched off” appearance. 


Textularia jutsoni Quilty n.sp. 

Figures 5, 130-R 

Material: 260 specimens. Holotype 59339; para- 
types 59340-346, 59603. 

Diagnosis: Textularia with variable sutural characters, 
fairly constant length/width/thickness ratio of 9/5/4 
with periphery changing uniformly from carinate to 
rounded and chambers changing uniformly from 
flattened to inflated. 

Description: Test free, biserial throughout, composed 
of particles of a wide variety of sizes. Most particles 
are small and obscured by cement but the surface has 
irregularly placed coarse particles in it, mostly quartz 
but with some calcitc and occasional dark minerals. 
Average length 0.88 mm (range 0.45-2.6 mm); width 
0.51mm (0.25-1.0 mm); thickness 0.40 mm (0.17- 
0.85 mm). Shape elongate, subtriangular with a 
sharp apex. Thickest in the region of the axial 
suture. Periphery sharply carinate in early portion, 
becoming bluntly carinate and even rounded (in the 
last two chambers only) in large specimens. Early 
chambers usually with a simple compressed profile 
but occasional specimens are found with distal ex¬ 
tremities which have a “pinched off” appearance, 
giving a transverse profile as in Figure 5. Surface 
of test generally fairly rough throughout, but oc¬ 
casionally smooth for the first few chambers. Sutural 
characters quite variable. Sutures generally flush 
and quite indistinct but sometimes quite sharply de¬ 
pressed in early stages. The specimens which have 
sharply depressed sutures are usually those with 
“pinched off” periphery. Angle of inclination of 
intercameral sutures usually 0-10° but sometimes 
directed away from the base distally. Chambers 
usually flattened in the early stages and changing 
slowly and uniformly to inflated in the last two 
chambers of large specimens. Length/width/thick¬ 
ness ratio quite constant at about 9/5/4. In later 
chambers at least, the wall of each chamber appears 
to consist of three layers. The inner and outer thin 
layers are dark in colour, probably due to a concentra¬ 
tion of fine particles in them. The median layer is 
clearer and has obvious grains in it. The coarse 
material is concentrated in this layer but very coarse 
particles transgress all layers. Aperture situated at 
the base of the proximal face of each chamber, and 
varies from a low slit to a semicircular arch about 
1/4-1/2 as wide as the test is thick. 

Remarks: The few specimens of the species with 
“pinched off 1 ’ peripheries and depressed sutures in 
the early stages resemble closely T. marstleni Finlay, 
but the Western Australian species has irregularly 
scattered coarsely arenaceous particles in it whereas 
T. marsdeni is finely arenaceous (Finlay 1939, p. 90). 
The species is named in honour of J. T. Jutson, 
co-author of the name Plantagenet Beds. 


Family Ataxophragmiidae Schwager 1877 
Genus Gaudryina d’Orbigny 1839 
Gaiidryina aculeata Quilty n.sp. 

Figure 13S 

Material: 6 specimens. Holotype 59304, paratypes 
59300-303. 

Diagnosis: Small Gaudryina with basal angle 18-22°, 
10-12 whorls in dominant triserial portion. Very 
reduced biserial portion. 

Description: Test small, free, finely arenaceous, elon¬ 
gate with length/breadth ratio about 5/2, composed 
of a dominant basal triserial portion and a later very 
reduced biserial portion. Average length 0.55 mm 
(range 0.37-0.77 mm); breadth 0.25 mm (0.20-0.27 
mm). Triserial portion of about 10-12 whorls 
with basal angle of 18-22°, making up 80-100% of 
test length. Sides of this portion flat or slightly con¬ 
cave, margins straight carinate. Sutures "flush, in¬ 
visible unless specimen immersed; almost perpen¬ 
dicular to test axis. Zigzag suture in centre of each face 
restricted to very narrow zone. Biserial portion short, 
of 2-3 whorls making up to 20% of test length. Half 
of recovered specimens have no biserial portion. 
Sutures in biserial portion a little depressed. Aper¬ 
ture basal in proximal margin of apertural face. 
Remarks: The new species is described from six 
specimens of which one was lost after measurement. 
The most characteristic features of the new species 
are its low basal angle and the dominance of the 
triserial portion. The new species is similar to the 
triserial portion of G . attenuata Cushman (1913) but 
the latter has a dominant biserial portion, making up 
about 80% of the test length. 

Suborder Rotaliina Delarge and Herouard 1896 
Superfamily Nodosariacea Ehrenberg 1839 
Family Nodosariidae Ehrenberg 1838 
Genus Dentalina Risso 1826 
Dentalina cf. colei Cushman and Dusenbury 1934 
Figure 14A 

cf. Dentalina colei Cushman and Dusenbury 1934, p. 54, pi. 17. 
figs. 10-12; Parr 1938, p. 76, pi. 1, fig. 8; Ran 1956, p. 73. 
pi. 14, figs 12, 17. 

Material: 16 specimens. Figured specimen 59359. 
Remarks: This is the largest nodosariid in the sample, 
ranging in size up to 4.2 mm and estimated up to 
7-8 mm long. The species found here is doubtfully 
separable from D. ad vena Cushman, but the name 
colei is used for a distinctly larger, thicker-walled 
form than that referred to as D. atlvena . The specific 
name is regarded as tentative, since compressed early 
chambers were not seen. The species resembles very 
closely indeed what Rau (1956, pi. 14, fig. 12) 
figured as D. colei . 

Dentalina sp. A. 

Figure 16H 

Material: One specimen 59352. 

Description and Remarks: Two almost spherical 
chambers separated by a very deep suture perpen¬ 
dicular to the growth axis. Total length 0.7 mm 
and width 0.3 mm. The length/width ratio of the 
chamber is 7/6. Surface with about 25 longitudinal 
ridges which are not present in the suture. Apertural 
characters not visible. There seems to be a slight 
bend in the growth axis. 
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Dentalina sp. B. 

Figure 161 

Material: One specimen 59355. 

Description and Remarks: Specimen consists of two 
chambers. Sutures situated in shallowly, broadly 
depressed areas. Suture to suture length of the 
chambers is 6/5 times the width. Surface smooth; 
apertural characters not preserved. The specimen is 
1.1 mm long and 0.4 mm wide. 

Dentalina sp. C. 

Figure 16J 

Material: Four specimens; figured specimen 59356. 

Description and Remarks: Specimens were not well 
enough preserved to allow positive identification. 
Test uniserial, arcuate, circular in section with a 
slightly eccentric, terminal, radiate aperture. Width 
and length equal in each chamber. Sutures perpen¬ 
dicular to growth axis and well marked. Test surface 
smooth. Proloculus wider than long. Length of 
figured specimen 1.9 mm. 

As the specimen has a smooth surface and few 
very distinguishing characters, specific identification 
is very difficult. It bears some similarity to Nodo- 
saria radicnla Linne or Nodosaria (Dentalina) sohita 
Reuss as figured by Stache (Chapman 1926, pi. 3, 
figs. 19, 29). 

Genus Dentalinoides Marie 1941 
Dentalinoides sp. 

Figures 16K,L 

Material: Three specimens; figured specimen 59360. 

Description: Test straight (?) with bilateral sym¬ 
metry. Aperture terminal, a little eccentric, not 
radiate. Chambers 4/3 times as long as wide. Sutures 
clearly depressed but not greatly so, perpendicular 
to growth axis. Surface with 30-40 longitudinal 
ridges. More ridges occur in the median region of 
each chamber than at the sutures. The few extra 
ridges arise by intercalation. 

Remarks: Two specimens consist only of two 
chambers, the other one of three. The specimens of 
two chambers are 1.0 x 0.5 mm and 0.9 x 0.45 mm 
respectively. What is present of the specimen here 
in consistent with Reuss’ (1851) description of 
Dentalina obliqnestriata . In his description he makes 
no statement about whether the aperture is radiate 
or not. Length of figured specimen 1.0 mm. 

Genus Lagena Walker and Jacob 1798 
Lagena sp. 

Figure 16M 

Material: One specimen 59373. 

Description and Retttarks: The specimen consists of a 
chamber 0.37 mm long and 0.40 mm wide surmounted 
at one pole by a neck 0.05 mm long and with a 
constant width of 0.10 mm. The neck has a scries 
of “rings” on it, not expressed as annular ridges 
but seemingly a structure within the neck. The 
almost spherical chamber is pustulose with approxi¬ 
mately 150-160 broad low domes scattered over 
the surface. No pattern of distribution is evident. 

The pustules are small low domes. The “roof” 
of the dome is a thin layer of calcite (?) supported 


all round at its base by a stronger ring of skeletal 
material. The framework of the whole test is a 
series of ring structures. Maximum dimension of 
figured specimen 0.42 mm. 

Genus Vaginulinopsis Silvestri 1904 
Yaginulinopsis sp. 

Figures 16P,Q 

Material: Seven specimens; figured specimen 59404. 
Description: Test elongate, somewhat compressed, 
with a tendency towards an arcuate habit. Test 
begins with a planispiral portion of 1/2—3/4 whorl 
which is carinate and of greater width than the 
rest of the test, followed by a uniserial portion of 
probably as many as four to five chambers. Side of 
test with the proloculus rounded; other side carinate. 
Chambers arc less compressed and possibly narrower 
towards maturity. Sutures generally flush but slightly 
depressed in the later uniserial stages of some 
specimens. Sutures oblique by of the order of 75°-80° 
and sigmoid in shape. Aperture terminal, radiate, 
situated on the margin of the test opposite the initial 
coil. 

Remarks: Six specimens have the initial coil ccm- 
p’ete, and only one has the uniserial portion com¬ 
plete. Average diameter of initial coil is 0.50 mm 
with a range from 0.40 to 0.55 mm. Average dia¬ 
meter of uniserial portion is 0.45 mm ranging be¬ 
tween 0.35 and 0.50 mm. Thickness averages 0.30 mm 
with a range from 0.25 to 0.35 mm. 

The species seems identical in lateral view with 
that figured by Chapman (1926, pi. 3, fig. 47.) as 
Margimtlina glabra d’Orbigny, in plates which are 
reprints of Stache’s (1864) plates. The figures show 
a species with a bulbous, noncarinate initial coil 
and therefore it cannot be this species. Chapman’s 
and Stache’s specimens are recorded from rocks of 
Early Oligoccne age. Maximum diameter (length) 
of figured specimen 1.0 mm. 

Genus Palniula Lea 1833 
Palinula hodgsoni Quilty n.sp. 

Figures 13 T,U 

Material: 15 specimens. Holotype 59383, paratypes 
59384-389. 

Diagnosis: Palnwla with an average length/width 
ratio of 2.15, apical and basal angles with an average 
value of 45°. Micro- and megalospheric forms quite 
distinct. Microspheric test with 13-15 chambers and 
proloculus 0.025-0.040 mm in diameter. Mcgalos- 
pheric test with an average of 8 chambers and 
proloculus diameter of 0.06 mm. 

Description: Test free, rhombic in outline, very 
much compressed. Apical angle averages 45°, as 
does the basal angle. Length range 0.80 to 1.75 mm 
(megalospheric form reaches a maximum length of 
1.4mm). Width range 0.30 to 0.85 mm (maximum 
megalospheric width is 0.60 mm). Thickness of 
test 0.1 to 0.2 mm. Megalospheric proloculus is 
0.06-0.12 mm in diameter and the two microspheric 
specimens have proloculus diameters of 0.027 and 
0.040 mm. L/W ratio remains fairly constant at 
about 2-2.5. Megalospheric form consists on average 
of 8 chambers, of which the last 4 or 5 may be 
symmetrically developed, chevron-shaped. Inter¬ 
mediate series of chambers begins with a triangular 
deuteroconch followed by more elongate and 
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asymmetrically developed chevron chambers. De¬ 
velopment follows the pattern of an evolute plani- 
spiral. Microspheric form consists of 13-15 chambers 
of which the last 10 or so are symmetrically de¬ 
veloped chevron chambers. Aperture simple, terminal, 
situated in the centre of the chevron chamber. 
Remarks: Of the 15 specimens recovered, only 9 
are complete. The species is named in honour of 
E. A. Hodgson who was associated with me in 
our earlier work on the Plantagenet Group. 

Genus Quasibolivinella Quilty n.gen. 

Type species: Quasibolivinella taylori Quilty n.sp. 
Generic diagnosis: Test compressed, flabelliform; 
chambers broad, low; sutures flush; aperture ap¬ 
parently basal. Initial chambers in the type species 
consist of a spherical proloculus surrounded by an 
annulus composed of two semicircular chambers. 
Growth thereafter usually biserial. 

Remarks: The new genus clearly has very close 
affinity which Bolivinella Cushman, 1927. In 
Bolivinella , the proloculus is found at the proximal 
end of the test, is the most proximal chamber and is 
followed immediately by biserially arranged chambers. 
In the new genus this is not the case. In Qnasi- 
bolivinella, the proloculus is at the proximal end of 
the test but it is not the end chamber of the test. 
The proloculus is surrounded, in the plane of the 
test, by an annulus consisting of two semicircular 
chambers, one of which is the chamber closest to 
the proximal end of the test (Fig. 6). These semi¬ 
circular chambers may be the last phylogenetic vestige 
of a coiled ancestor. The presence of this vestige 
serves to distinguish Bolivinella and Quasibolivinella. 

This genus has been recovered now from New 
Zealand by N. de B. Hornibrook and B. Hayward. 
The species there sporadically contains some forms 
with several uniserial final chambers (B. Hayward, 
pers. comm.). 

Quasibolivinella taylori Quilty n.sp. 

Figures 6-9, 13V,W 

Bolivinella sp. nov. Crespin 1956, p. 37; Backhouse 1970, 
p. 41. 

Gen. aff. Bolivinella Ludbrook 1961, p. 20, pi. 1, figs, 2, 3. 
Gen. cf. Bolivinella Lindsay and Bonnett 1973, p. 19, pi. 2, 
figs. 6, 11. 

Material: 615 specimens. Holotype 47514, paratypes 
47515-517, 59600, 60602. 

Diagnosis: Quasibolivinella with a length/width ratio 
of slightly less than 1, a median ridge and smooth 
sutures. 

Description: Test free, biserial throughout, basically 
fan shaped but quite variable; compressed. Length 
0.27-1.12 mm; width 0.27-1.20 mm. Proloculus sphe¬ 
rical 0.1 mm in diameter, surrounded by an annulus 
of two semicircular chambers and followed by a 
biserial portion consisting of 1-12 pairs of chambers. 
Basal end often with a small spine. Chambers elongate 
and recurved quite markedly towards the end, often 
terminating distally in a small spine. Sutures between 
chambers on each side are flush and the test surface 
smooth. The central suture between chamber pairs 
varies from almost flush to quite a strong median 
ridge. The underlying suture zigzags but the ridge 
does not. The ridge is simple and not beaded. 
Apertural characters hard to define, but in the rare 



Figure 6.—Initial chambers of Quasibolivinella n.gen. 


case where the aperture is seen, it is centrally situated, 
a slit at the base of the chamber, near the zigzag 
suture. (Fig. 7). 

Remarks: Three hundred specimens are very well 
preserved, the rest being broken in part. Figure 8 
illustrates the range in outline of the species. The 
size variation is shown in Figure 9. 

The structure of the embryonic chambers appears 
unique. The proloculus seems larger in relation to 
the adult test than in Bolivinella which has a relatively 
minute proloculus. 

The species description is based solely on Nanarup 
material but I have also seen what seems to be the 
same species from New Zealand, from studies pre¬ 
sently being carried out by B. Hayward. This species 
seems to be restricted in southern Australia to rocks 
deposited in the time of Carter’s Faunal Unit 2, such 
as in the Buccleuch Group A Beds in the Murray 
Basin, the Wilson Bluff Limestone of the Eucla Basin, 
and the Plantagenet Group. The species is named 
in honour of D. J. Taylor, in recognition of his work 
on the Australian Tertiary and Cretaceous fora- 
minifers and stratigraphy. 



Figure 7.—The aperture of Quasibolivinella taylori n.gen., n.sp. 
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Figure 8.—Range of outline of Qnasibolivinella taylori n.gen., 


n.sp. 

Genus Vaginulina cTOrbigny 1826 
Vaginulina hornibrooki Quilty n.sp. 

Figures 14B.C 

Material: 16 specimens. Holotype 59395, paratypes 
59396-59400. 

Diagnosis: Vaginulina with flush sutures, smooth sur¬ 
face, very uniform thickness, non-carinate margins 
and large proloculus. 

Description: Test free, elongate, bilaterally sym¬ 
metrical, oval in section, with flush sutures and 
smooth surface, composed of a large proloculus 
(0.30-0.45 mm), followed by a series of 6-10 cham¬ 
bers increasing uniformly in size. Length 1.1 to 
more than 2.5 mm; width 0.5-0.7 mm; thickness 
0.35-0.50 mm. Test thickness remains very constant 
from proloculus to ultimate chamber. Margins not 
carinate. Test slightly arcuate with a terminal, 
radiate aperture situated at the end of the concave 
side. Sutures oblique to the growth axis by. about 
60° in later chambers, almost perpendicular in first 
one or two chambers, and only a little sigmoid. 
Chambers 2-3 times as wide as long. 

Remarks: Of the specimens recovered, only two or 
three immature specimens are complete. Similar 
species to the new one include Vaginulina sublegu - 
men Parr, which has a much slower rate of increase 
of width, and more chambers in the embryonic part. 
Several species from New Zealand (e.g. V . 
awamoana Hornibrook and Marginnlinopsis hydro- 
pica Hornibrook) are similar but have a well-defined 
initial coil or depressed or elevated sutures. V. 
alazanensis Nuttall is different from the new species 
in being very nearly circular in section and in being 
relatively not as wide. The species is named in honour 
of N. de B. Hornibrook whose works have been so 
useful during this study. 

Family Polymorphinidae d’Orbigny 1839 
Genus Pseudopolyinorphina Cushman and 
Ozawa 1928 

Pseudopolymorpliina carter! Quilty n.sp. 
Figures 14D,E 

Pseudopolymorphina sp. nov. Ludbrook 1961, p. 20 (Table 11), 
pi. 1, fig. 1. 

Pseiulopolyniorphina sp. Lindsay 1969, p. 32, pi. 2, fig. 8; 
Backhouse 1970, p. 41; Lindsay and Bonnet! 1973, p. 20, 
pi. 2, fig. 19; Cooper 1979, pi. 20, fig. 8. 


Material: 28 specimens from this sample; 12 from 
others. Holotype 47504, paratypes 47505-507, 59421. 
Diagnosis: Pseitdopolymorphina with 5-9 inflated 
chambers with 30-50 fine longitudinal striae per 
chamber and strongly depressed sutures. First 3 
chambers usually quinqueloculine, later chambers 
biserial. 

Description: Test free, elongate, with 5-9 chambers, 
normally not more than 7 sometimes biserial through¬ 
out, but usually with first 3 chambers forming part 
of a quinqueloculine series, later developing a 
biserial habit, occasionally ending with 1 or 2 uni¬ 
serial chambers. Usually 2-4, occasionally as many 
as 6 chambers arranged biserially. Average length 
1.78 mm (range 0.6-2.7 mm); width 1.13 mm 
(0.40-1.25 mm). Length/width ratio of test, 
length/width ratio of individual chambers, amount 
of inflation of chambers, rate of increase of chamber 
size, all vary widely. Sutures clearly, broadly de¬ 
pressed, more so in later chambers. Part of preformed 
test thickened by a lamina of calcite with each new 
chamber added. Thickening most pronounced in 
sutural position, especially in early formed chambers. 
Thus early sutures are less pronounced than later 
ones. Chambers with a series of longitudinal striae, 
except in the surface immediately surrounding the 
aperture. Within a specimen, the number cf striae 
increases with chamber size, but often relief becomes 
less until in some specimens, last chamber is smooth. 
Number of striae per chamber 30-50 but varies 
widely. In early chambers, striae commonly bi¬ 
furcate and proceed continuously across siLures. In 
later chambers in the central inflated parts, short 
striae are intercalated between adjacent continuous 
striae. Aperture terminal, radiate. 

Remarks: The new species is distinguished from 
most species of this genus by some combination of 
very inflated chambers, more distinctly depressed 
sutures and mainly in the characters of the striae. 
The closest species to the new one is P. doanei var. 
beau mar isensis Parr and Collins. In the new species 



Figure 9.—Variation of length and width in Qnasibolivinella 
taylori, n.gen., n.sp. 
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all the striae on a chamber are equally developed 
whereas in P. d. beaamavisensis , the striae may be of 
several different appearances. Usually they are less 
well-developed than on the new species. Other some¬ 
what similar species such as P. tasuianica Parr and 
Collins and P. victoriensis Parr and Collins are not 
striate. As with Qnasibolivinella taylovi n. gen., n.sp., 
and Lindeviua glaessneri n.sp., Pseudo polymorphism 
cavtevi n.sp. is a well-known species characteristic 
of Carters (1958) Faunal Unit 2 (Late Eocene). 
It has been figured by several authors but none have 
described it. The species is named in honour of A. N. 
Carter who has done a great deal to help develop 
new zonations of the south-eastern Australian Ter¬ 
tiary. 

Superfamily Buliminacea Jones 1875 

Family Turrilinidae Cushman 1927 

Genus Buliniinella Cushman 1911 
Buliininella rutledgei Quilty n.sp. 

Figure 14F 

Material: 9 specimens. Holotype 59431; paratypes 
59432-438. 

Diagnosis: Buliininella with 20-40 ridges on its sur¬ 
face, oblique by about 5-10° to the test axis. Spiral 
sutures quite strongly depressed and the length/ 
breadth ratio is just under 2/1. Nine to ten cham¬ 
bers in the final whorl. 

Description: Test very roughly fusiform, consisting 
of a high trochospire of 3i-4i whorls of chambers, 
9-10 chambers in the last. Average length 0.65 mm 
(range 0.50-0.85 mm); width 0.35 mm (0.25-0.45 
mm). Chambers broad, inclined at 55° to the axis 
of the test. Apical angle quite constant at about 50°. 
Intercameral sutures flush to slightly depressed. Spiral 
suture quite depressed throughout. Surface of test 
“decorated” with a series of fine ridges, at 5-10° to 
the axis of the test and thus not parallel to the in¬ 
dividual chambers. The number of ridges is of the 
order of 20-40 in the middle part of the test. Ridges 
are quite oblique in the early part of the test but 
almost parallel in the mature test. Aperture basically 
the typical buliminid “comma-shape” but spathulate 
tooth plate all but fills the aperture. Margin of 
apertural face rounded. 

Remarks: The closest described species to the new 
one appear to be B. turbinata (Terquem) and 
B. seminuda (Terquem). In the type figure and 
description of B. turbinata there are ridges present 
although Cushman and Parker (1947) state that the 
surface is smooth; however that species is much 
broader relative to length than is the new one and 
the ridges are consistently quite oblique to the test 
axis. The length/width ratio is higher than that 
of B. seminuda and the ridges are stronger and more 
continuous. Lindsay and Bonnett (1973) figured a 
species as Biiliininoides sp. It is not possible from 
the figures to say whether or not it is Butiniinella 
vutledgei n.sp. The species is named in honour of 
D. I. Rutledge, a co-worker on the Plantagenet Group. 

Family Uvigerinidae Haeckel 1894 

Genus Angulogerina Cushman 1927 

The distinction between Trifarina Cushman, 1923 
and A ngnlogerina Cushman, 1927, seems to be inter¬ 
preted by Cushman and later workers as a variation 
in the proportion of the test which is triserial. In 


Tvifariua this is generally a very small proportion 
and in Angniogevina a large portion. An examina¬ 
tion of Ellis and Messina (1940 et seq .) shows that 
few species exist which can truly be called inter¬ 
mediate. Thus rather than use Loeblich and Tap- 
pan’s (1964, p.C572) concept of Tvifariua , I am 
regarding the two genera as valid and separate. 

Angulogerina hunti Quilty n.sp. 

Figures 14G,H 

Material: 10 specimens. Holotype 59444; paratypes 
59445-59453. 

Diagnosis: Angniogevina with a length/width ratio 
of just less than 2; triserial portion with 3 well- 
marked carinae, one on each chamber and 8-9 other 
fidges on each chamber. Later uniserial chambers 
usually smooth. 

Description: Test free, elongate with a length/width 
ratio very close to 2/1. Length 0.35-0.66 mm; width 
0.20-0.30 mm. Test roughly triangular in section. 
First f-J of test length made up of a triserial trocho- 
spiral part with a basal angle of 40-60°. After a 
few whorls the sides of the test are parallel. Test 
consists usually of about 3-4 whorls, possibly up to 
6 in the microspheric form. All chambers have a 
series of 8-9 strong ridges on them, a central domi¬ 
nant one causing the triangular section of the test. 
The central ridge of each chamber joins the struc¬ 
ture in the similar chamber of the succeeding whorl 
forming a carina down the test. The 3 carinae thus 
formed twist by 30-60° during growth of the test. 
The strength of the ridges decreases away from the 
base. Last 1-3 chambers arranged uniserially. These 
chambers are triangular in section, having an aper¬ 
ture with neck and phialine lip, and usually are 
smooth. 

Remarks: The closest described species to the new 
one seem to be A. coopereusis Cushman, A. anguiosa 
Williamson and A. costornata Hornibrook. 

A. coopereusis , an Eocene species from the south¬ 
east United States, is very similar overall, but has 
too few ridges on it, probably too short a neck and 
its length/width ratio put it just outside the range 
of variation of the new species. A. anguiosa is a 
present-day species and bears ridges on all chambers 
including the uniserial ones. It has much too high a 
length/width ratio and the three major carinae arc 
too marked. A. costornata has the same length/width 
ratio, but the three major carinae are not marked 
enough. However, of all species, the last is closest. 
The species is named in honour of R. Hunt, part 
owner of the quarry at Nanarup. 

Superfamily Discorbacea Ehrenberg 1838 
Family Discorbidae Ehrenberg 1838 
Genus Epistoininella Husezima and Maruhasi 1944 
Epistominella maegowrani Quilty n.sp. 

Figures 14/1-L 

Material : Two specimens from this sample; 23 from 
another. Holotype 59609; paratypes 59610-614. 

Diagnosis: Epistoininella with 2-2i whorls, 6-7 
chambers in the final whorl, test equally biconvex or 
with ventral side a little more convex. Dorsal surface 
always coarsely perforate and the ventral surface 
usually imperforate but on a few chambers is coarsely 
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perforate. Ventral umbilical boss quite well-deve¬ 
loped. Maximum diameter/thickness ratio averages 
1.84. 

Description: Test free, lenticular, usually equally 
biconvex, but often ventral surface is a little more 
convex than the dorsal. Average diameter 0.51mm 
(range 0.42-0.57 mm); thickness 0.27 mm (0.21- 
0.31mm). Average diameter/thickness is 1.84 
(range 1.67-2.2). Dorsal surface evolute, showing 
2-2i" whorls with 6-7 chambers in the final whorl. 
About 16-20 chambers overall, normally about 9 in 
the penultimate whorl. Earlier chambers globular 
with straight intercameral sutures, these sutures, 
becoming more strongly recurved posteriorly distally, 
until in the last few chambers, the distal end of the 
anterior suture of any chamber terminates about 90° 
behind the proximal. All sutures flush, early parts 
of surfaces thickened. Dorsal surface smooth, 
coarsely perforate, the coarse pores being arranged 
in about four rows (in adult chambers), the rows 
being curved and parallel to the intercameral sutures; 
about eight to ten pores in each row. Ultimate 
chamber usually coarsely perforate but not always so. 
Proloculus diameter about 0.02-0.03 mm. Periphery 
with imperforate keel, not lobulate. Ventral surface 
smooth with central imperforate umbilical boss. 
Sutures Hush, straight radial for proximal half, then 
recurved but not nearly as much as the dorsal side. 
Ventral wall generally imperforate, but sometimes 
one or two chambers are coarsely perforalc. Ultimate 
chamber occupies about a 90° segment of this surface. 
Aperture mainly a low interiomarginal slit in the 
anterior suture, extending from the umbilical boss 
about 3/4 of the distance to the periphery, then with 
a short, posteriorly directed spur into the apertural 
face parallel to the periphery. Aperture enlarged very 
little by secondary resorption. Septa apparently mono- 
lamellid, wall structure radial, imperforate on the 
ventral side and the periphery, coarsely and regularly 
perforate on the dorsal. Pores are of the order of 
0.01 mm across. 

Remarks: It is named in honour of B. McGowran of 
the University of Adelaide. 

Genus Globorosalina Quilty n.gen. 

Type species: Globorosalina westralieusis Quilty n.sp. 
Generic diagnosis: Test free, biconvex, a low 
trochospire. Wall radial lamellar calcite, coarsely 
perforate on the dorsal surface and on the peripheral 
parts of the final whorl; very finely perforate on the 
ventral surface. Test with coarsely pitted evolute 
dorsal surface. Ventral surface involute with stellate 
central area, rays of star formed by small umbilicus 
and incised proximal parts of intercameral sutures. 
Aperture umbilical, hidden beneath umbilical flap 
of each chamber. Secondary foramina developed in 
each apertural face when a new ultimate chamber 
is added. Secondary foramen not originally part of 
umbilical aperture, not in primary apertural face, 
but developed later and separated from primary 
aperture by a strong columnar buttress. Test pro¬ 
bably has an axial canal (present in the type species) 
but without umbilical canal. 

Discussion: The new genus bears a striking super¬ 
ficial likeness to Rotalia Lamarck, this likeness en¬ 
hanced particularly by the ventral incised inter¬ 
cameral sutures. However, the new genus is distinct 


from Rotalia in having too few chambers in the 
final whorl (4-5 versus Rotalia's 8-17) and a coarsely 
pitted, coarsely perforate dorsal surface. The distinc¬ 
tion is most marked when wall structure is examined. 

The wall of Globorosalina is radial lamellar cal¬ 
cite not canaliculate as in the Rotaliacea. The septa 
appear monolamellar but as Loeblich and Tappan 
(1974) have shown, there is no significant difference 
between a monolamellar and a primarily bilamellar 
wall. Carter (1964, pi. 16, fig. 287) illustrated a 
section of G. scabricuia which could be interpreted 
as having primarily bilamellar septa. Globorosalina 
is named for similarity to Rosa lino to which it is 
closely related and from which it is distinguished by 
being very inflated, in having a rounded margin 
and in having a very thick wall. The new genus 
includes G. westralieusis n. sp. and ‘ Rotalia ’ scab- 
ricnla Chapman. The species described by Dorreen 
(1948 p. 297, pi. 39, figs. 6A-C) as Laniarckina 
turgida has many similarities with the new genus 
but the much larger basal aperture with pronounced 
lip and much more radially incised central ventral 
area serve to distinguish it from the new genus. 
G . scabricuia (Chapman) was described in 1910 and 
has usually been referred to Rotalia Lamarck (e.g. 
Chapman 1910; Carter 1964). The two species 
referred to Globorosalina are only known from 
southern Australia. 

Globorosalina westraliensis Quilty n.sp. 

Figures 10,14M-R, 15A 

Material: 37 specimens. Holotype 59486; paratypes 
59487-59492. 

Diagnosis: Test globular with average diameter/ 

thickness ratio of 1.40 Dorsal sutures are clearly 
depressed; there is no discrete umbilical plug; the 
ventral intercameral sutures are deeply incised and 
bifurcate at the end of the incised part. Dorsal 
surface coarsely perforate. A large proportion of the 
ventral surface is finely perforate. 

Description: Test free, globular, trochospiral, bi¬ 
convex with a rounded periphery and average dia¬ 
meter/thickness ratio of 1.40. Average diameter 

0.52 mm (range 0.47-0.75 mm); thickness 0.41mm 
(0.30-0.56 mm). About 65% coiled sinistrally. 

Dorsal surface evolute, showing about 3 whorls with 
5 chambers in the last whorl; surface very eoarsely 
pitted. Spiral suture distinctly depressed and weakly 
lobulate. Intercameral sutures very vague and very 
weakly depressed, almost straight, directed strongly 
posteriorly distally. Periphery rounded, strongly 

pitted and coarsely perforate in the last whorl, but 
not in previous whorls. Periphery roughly circular in 
plan, weakly lobulate. Ventral surface convex, very 
involute without umbones or discrete umbilical de¬ 
pression. Ventral features are illustrated in Figure 
10. Umbilical area marked by stellate pattern of 
incised proximal parts of each intercameral suture. 
Proximal 1/3—1/2 of each intercameral suture 
deeply incised. Distal end of each incised suture 
bifurcates for a very short distance. Intercameral 
sutures otherwise straight, radial, more or less flush. 

Entire umbilical region imperforate or very finely 
perforate with smooth surface. Triangular areas be¬ 
tween incised sutures are umbilical flaps of chambers. 
Aperture in the ultimate chamber a very low in¬ 
teriomarginal slit including the proximal 1/4 of the 
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proximal part of the apertural face, and either passing 
under the umbilical flap and into the proximal part 
of the posterior face of the chamber or terminating 
on the anterior face, another aperture opening into 
the posterior incised suture. Resorption is evident 
in the apertural face of the penultimate chamber. A 
low clear interiomarginal slit is now evident in the 
centre of the apertural face, distally removed from 
the primary aperture and separated from it by a 
thickened buttress. In the third last chamber, the 
secondary aperture has enlarged to take in most of 
the apertural face and form a very large, high arch 
separated from the still clear primary aperture by 
a much more thickened buttress. Buttress position 
coincides at the surface with the position of the 
bifurcation in incised sutures. Dorsal surface always 
very coarsely perforate; the peripheral part of the 
test coarsely perforate in the last whorl only. The 
rest of the wall and septa are finely perforate, 
composed of radially arranged lamellar calcite; 
very finely perforate when not coarsely so. 

Remarks: It differs from G. scabricula (Chapman) 
in several features. It has distinctly depressed dorsal 
sutures. G. scabricula seems to have a discrete umbo 
or umbilical plug. This is absent from the new 
species. The incised sutures of G. scabricula are not 
bifurcate at their ends and extend from the umbilical 
area a relatively much greater distance distally. 
The imperforate or finely perforate central ventral 
area extends to the periphery in the adult in G. 
scabricula . G. scabricula is little more compressed 
with a ratio of about 1.75. Associated with this 
greater compression is a more angled periphery. 

Genus Yernonina Puri 1957 
Vernonina dorreeni Quilty n.sp. 

Figures 15B-F 

Material: 29 specimens. Holotype 59560; para- 
types 59561-59566. 



Figure 10.—Ventral face of Globorosatina westraliensis n.gen., 
n.sp., showing details of incised sutures. 


Diagnosis: Vernonina with a uniformly, coarsely 
perforate, pustulose dorsal surface and a somewhat 
pustulose marginal part of the ventral surface; 6-7 
chambers in the final whorl. 

Description: Test free, small, trochospiral through¬ 
out, biconvex. One surface (generally the more 
evolute—here regarded as dorsal) much more con¬ 
vex than the other. Ventral surface a lower dome. 
Diameter/thickness ratio averages 1.6. Average dia¬ 
meter 0.53 mm (range 0.37-0.70 mm); thickness 
0.33 mm (0.25-0.42 mm), Dorsal surface densely and 
coarsely pustulose without particular concentration of 
pustules. Dorsal intercameral and spiral sutures flush 
and not demarcated at all at the surface. Test of 
about 2 whorls with 6-7 chambers in the last. 
Dorsal sutures strongly recurved and rarely a little 
depressed. Periphery quite sharply keeled. Ventral 
surface a little convex, involute. This surface also 
often a little pustulose near the margins. Sutures 
usually flush, and straight radial to slightly recurved. 
Last chamber rather low and covering about 90° 
of the whorl on the ventral surface. Apertural face 
low and not steep. Apertural characters not seen on 
the last chamber, but, on broken specimens it is a 
low interiomarginal arch extending about 2/3 of 
the distance to the margin. At this position, the 
apertural face has a depression in it, extending from 
the distal end of the aperture, distally and ventrally 
away from the suture, and dying out very quickly. 
Septa apparently “monolamellar”; dorsal wall of 
lamellar calcite. 

Remarks: Wall characters from thin section suggest 
that Loeblich and Tappan (1964) were correct in 
placing this genus in the Discorbidae. In the Austra¬ 
lasian region, V. dorsopusiulatus (Dorreen) is the 
closest known species to the new one, but has dorsal 
pustules only, and then only at the sutures, whereas 
in the new species, they are uniformly spread over 
the entire dorsal surface, and some are to be seen on 
the marginal part of the ventral surface. The new 
species is larger than V. cforsopustulatus. 

V. dorreeni differs from V. tuberculata Puri in 
having consistently 6-7 chambers in the final whorl 
(rather than 7-8), a convex ventral surface, flush 
ventral sutures and non-pustulose ventral umbilical 
plug. 

Family Planorbulinidae Schwager 1877 
Genus Linderina Schlumberger 1893 
Linderina glaessneri n.sp. 

Figures 11, 15G-J 

? Eoannularia sp. Crespin 1955, p. 49. 

Gen. aff. Linderina Ludbrook 1961, p. 20. 

Linderina sp. Lindsay and Bonnett 1973, pi. 2, fig. 12; Back¬ 
house 1970, p. 41. 

Material: 85 specimens. Holotype 47472; paratypes 
47471, 47473-478, 59550-554. 

Diagnosis: Linderina characterised by smooth surface, 
and with a very small protoconch (0.05 mm), very 
large and obvious deuteroconch (0.2 mm) surrounded 
by two half-whorls each of 3 chambers at each side 
of the deuteroconch. 

Description: Test free, lenticular to discoidal with 
a maximum diameter/thickness ratio of 2.7 to 9; 
usually thin discoidal but often with an elevated cen¬ 
tral area on each side. Surface smooth, zone of 
equatorial chambers often undulatory. Test usually 
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circular in plan but often oval or a little irregular. 
Margin scalloped. Marginal equatorial chambers 
visible from outside, central ones covered by a lami¬ 
nated deposit of calcite. Average diameter 1.3 mm 
(range 0.4-2.45 mm); thickness 0.27 mm (0.15-0.45 
mm). 

Embryonic stage central. The protoconch is prob¬ 
ably a small lenticular chamber (Figure 11) (1). 

This was probably followed by a large oval deutero- 
conch (2), 0.17-0.22 x 0.11-0.16 mm in size. One 
side of this deuteroconch has a much thicker wall 
(0.03-0.04 mm) than the other (0.007-0.02) and the 
protoconch is always on the thin walled side. Ad¬ 
jacent to the protoconch on either side are two pores, 
each of which probably leads into the first chamber 
of a half whorl of three chambers, the half-whorls 
coiling in opposite directions in a common planor- 
bulinid fashion. Linking these two chambers (3) 
is a small chamber (4) probably formed from both 
chambers. From each (3) chamber, a half-whorl, 
3, 5, 6 is formed and opposite the protoconch, in the 
centre of the thick walled side of the deuteroconch, 
the ends of the half-whorls arc linked by another 
small chamber (7) which is very similar to 4. The 
details of chambers, 3, 5 and 6 arc clear but the 
relationships of chambers 1, 2, 3 and 4 are not 
always so clear. The pores between 2 and 3 aie 
visible in some sections but no pore between 1 and 

2 was seen and in fact chamber 1 is not always seen. 
It is possible that chamber 4 forms before chamber 

3 and gives rise to each half-whorl. The single 
aperture of chambers 5, 6 is inferred as are the dual 
apertures of 3 and 4. The arrangement is not always 
this exact, the nalf-whorls sometimes being irregular 
in that one may have only two chambers while the 
other may have four. 

After the embryonic stage, chambers are added 
regularly in a series of 15-30 annuli, chambers of 
one annulus alternating regularly with those of the 
next with 20-25 chambers per annulus. For each 
annulus, a thin layer of radially arranged calcite is 
added to the entire test surface, so that a thick de¬ 
posit of laminated calcite often builds up in the 
centre of the test. This lateral deposit is imperforate 
and contains many textural pillars. Pillars not ran¬ 
domly situated, but radiate in vertical section from 
the distal corners of each equatorial chamber. No 
aperture visible on the external part of the test at 



all. In equatorial section, all equatorial chambers 
have two apertures, one at each end, each leading 
into a chamber of the succeeding annulus. No speci¬ 
mens recognisable as microspheric were noted in the 
sample. 

Remarks: Of 85 specimens recovered, only 36 were 
preserved well enough for measurement with respect 
to maximum diameter and thickness. The main 
difference between this species and L. bntgesi 
Schlumbergcr is in the embryonic stage. In this 
small species the deuteroconch is very much larger 
than the small lenticular protoconch, whereas in 

L. brugesi they are subequal. The difference in 
vertical section is not great although, in the new 
species, the deuteroconch is much larger relative 
to the rest of the test. It differs from L. buranensis 
Nuttall and Brighton in having a smooth surface, dis¬ 
crete chambers in each whorl instead of a continuous 
ribbon of calcite and a very large deuteroconch. 
This species appears to be another index fossil for 
Carter's (1958) Faunal Unit 2 of the Australian 
Tertiary. It is known now from the Buccleuch Group 
in South Australia (Ludbrook 1961) and from Upper 
Eocene rocks at Castle Cove and Johanna River 
south-western Victoria. It is named in honour of 

M. F. Glaessncr, who has been one of the major 
forces in the study of Australian Tertiary foraminifers 
and stratigraphy for many years. 


Family Acervulinidae Schultze 1854 
Genus Gypsina Carter 1817 
Gypsina disea Goes 1896 
Figures 15R,S, 16A,B 

Gypsina vesicularis (Parker and Jones) var. disca Goes 1896, 
p. 74, pi. 7, figs. 4-6. 

Material: Seven specimens from this sample, 19 
from others. Figured specimens 60597, 60599, 60600, 
Remarks: The generic name is used here for a free 
or attached, regularly to irregularly organised form, 
discoidal to spherical, and differs from the diagnosis 
of Locblich and Tappan (1964); Sphaerogypsina is 
thus included. The specific name disca is used 
although it is possible that the form could be 
G. saipanensis Hanzawa. The figures and descrip¬ 
tion of that species are not adequate for detailed 
comparison. Although most specimens are the 
typical small discoidal morphotype, one specimen 
varies from the norm in being Y-shaped in vertical 
section and thus on one half of the specimen, there 
are two diverging equatorial surfaces. 


Family Cymbaloporidae Cushman 1927 
Genus Halkyardia Heron-Alien and Earland 1919 
Halkyardia bartrumi Parr 1934 
Figures 16C,D 


Halkrardia bartrumi Parr 1934, p. 144, pi..20, figs- 3-6; Fin 
lay and Marwick 1940, p. Ill; Cole 1954, p. 585; Horm- 
brook 1958, p. 29. 

Hnlkvardia sn. Ludbrook 1961, p. 20 T p. ], fig. 5. 


Material: Seven specimens. Figured specimens 

59555, 59556. 

Remarks: H. bartrumi, H. bikiuiensis Cole and H. 
minima (Liebus) are very similar. The latter seems 
to have a central, ventral boss and thus may be dis¬ 
tinct. In vertical section the chambers are more 
highly arched than in H. bikiuiensis, and more like 
those of //. bartrumi. 
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Family Victoriellidae Chapman and Crespin 1930 
Genus Wadella Srinivasan 1966 
Wadella hamiltonensis (Glaessner and Wade) 1959 
Figure 16E 

Carpenteria hamiltonensis Glaessner and Wade 1959, p. 200, 
pi. 1, figs. 8-10, pi. 3, figs. 1, 2; Quilty 1961 in Hodgson, 
Quilty and Rutledge 1961, p, 40, pi. 3, figs. 4-6; Cooper 
1979, pi. 21, fig. 3. 

Wadella hamiltonensis (Glaessner and Wade) Srinivasan 1966, 
p. 249, pi. 4, fig.13. 

Material; Ten specimens. Figured specimen—59557. 
Remarks: Glaessner and Wade 0959 p. 249) stated 
that “ Carpenteria” hamiltonensis , Victoriella cono¬ 
idea (Rutten) and Eornpertia hennndezi Anisgard 
are very similar. The species found here is distinct 
from V. conoidea in lacking very coarse bosses (it 
has much smaller ones consistent with Carpenteria 
or Wadella) and partly associated with this, it lacks 
the textural pillars of V. conoidea. E. bermndezi 
is separated by virtue of its smooth surface and im¬ 
perforate lining. This may be the species referred 
by Cockbain (1967) to Eornpertia cf. boninensis 
(Yabe and Hanzawa), 

Genus Maslinella Glaessner and Wade 1959 
Maslinella eliapnumi Glaessner and Wade 1959 
Figure 16F 

Maslinella chapinani Glaessner and Wade 1959, p. 205, pi. I, 
figs. 7, 8; pi. 3, figs. 4-8; Ludbrook 1961, p. 20, pi. 1, 
fig. 4; Quilty, in Hodgson, Quilty and Rullcdge 1961, p. 43, 
pi. 3, ligs. 6, 7; pi. 4, figs. 1, 2; Wade 1964, p. 274; 
Locblich and Tappan 1964, p. C709, fig. 583; Backhouse 
1970, p. 40; Glover and Cockbain 1971, p. 545; Quiliy 
1978b; Cooper, 1979, pi. 20, fig. 9. 

Material: 6 500 specimens. Figured specimen 77919. 
Remarks: This is by far the most numerous species 
in the fauna, making up 25%. Average diameter is 
0.96 mm (range 0.45-1.95 mm). Average thickness 
is 0.45 mm (range 0.32-0.95 mm). 

Plotting diameter/thickness data shows that this 
ratio is surprisingly regular when most morphological 
features, e.g. angularity of the periphery, degree of 
incision of sutures, are very variable. The form 
illustrated by Glaessner and Wade (1959 pi, 3, fig. 7) 
as microspheric, does not fit into the observed 
range of variation of the Nanarup fauna. It is 
relatively more thickened. As with occurrences else¬ 
where, with the exception of the possible Middle 
Eocene record in Lowry (1972, p, 122) this species 
occurs here in Late Eocene rocks and it seems to be 
a reliable index for Late Eocene (and possible Middle 
Eocene) in Australia. It is the only one of the 
apparently endemic southern Australian-New Zealand 
forms so far recorded also from the western margin 
of Australia. 


© © 

Figure 12.—Comparison of concepts of septal siructurc in 
Crespinina kingseotensis Wade. 1.—Wade’s hypothesis, 

2.—suggestion made here. 


Superfamily Rotaliacea Ehrenberg 1839 
Family Rotaliidae Ehrenberg 1839 
Genus Crespinina Wade 1955 
Crespinina kingscotensis Wade 1955 
Figures 12,15Q 

Crespinina kingscotensis Wade 1955, p. 45-59, pi. 8; Carler 
1958, p. 15; Ludbrook 1961, p. 20; IJndsay and Bonnett 
1973, p. 19, pi. 2, fig. 13. 

Material: 18 specimens from this sample, 50 from 
elsewhere. Figured specimen 47485, 

Remarks: Cone height and maximum diameter were 
measured on 68 specimens. Average maximum dia¬ 
meter is 1.72 mm (range 0,65-2,4 mm). Cone height 
averages 0.72 mm (range 0.27-0.8 nun). The ratio of 
maximum diameter/cone height for the sample is 2,39, 
Comparing the measurements here with those quoted 
by Wade (1955, p. 48), it is noticeable that there 
is a trend towards increase in size from east to 
west in this species. However, the trend to increased 


maximum diameter/cone 
reversal. 

height 

takes a sharp 


Average 

maximum 

Maximum 

Locality 

diameter 

diameter/cone 


(mm) 

height 

Castle Cove, Vic. .. 

0.83 

2.87 

Johanna River—Browns Creek 

0.92 

2.87 

Moorlands, S. Aust. 

1.34 

3.45 

Kingscolc, S. Aust. 

1.48 

3.39 

Nanarup, VV. Aust. 

1.72 

2.39 


Interpretation of this trend is difficult. It could 
mean a general increase in water temperature from 
east to west—a not improbable hypothesis, as warm 
water species including Asterocyclina are known 
from rocks of this age 400 km east-north-east of 
here (Cockbain 1967) and also in north-west Western 
Australia. The total large foraminiferis fauna of 
Australia also suggests this trend (McGowran 1979). 
The envisaged gradient could well be similar to the 
present day case in which the water near Nanarup 
is consistently about 3C° warmer than the relevant 
eastern Australian localities (Defant 1961, pi. 3A, 
3B), 

A section cut parallel to one slope of the dorsal 
surface, and just below the dorsal surface, shows that 
the “septa” of the marginal zone do not appear to 
be simple infolding of the dorsal wall as suggested 
by Wade (1955 p. 46, text figure 1), Between the 
chamber walls and the end of each septum, there is 
a thin black line, probably representing organic 
matter deposited between the time of formation of the 
chamber wall and the “septum”. Thus it appears 
that the “septa” are a later addition, (see Fig, 12). 

Family Nummulitidae de Blainville 1825 
Genus Operculina d’Orbigny 1826 
Operculiiia budensis (Hantken) 1875 
Figures 150,P 

Nttnnmilites budensis Hanlken 1875, p. 88, pi. 12, fig. 4. 
Material: 16 specimens. Figured specimens 47502, 
59618. 

Remarks: Test complanate, smooth with maximum 
diameter/thickness ratio of 4-7 in larger specimens, 
2.5-3 in specimens about I mm in diameter. Test of 
21-3 whorls, with 11-17 chambers in the final whorl. 
Protoconch 0,13-0.17 mm. Maximum diameter on 
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Figure 13 —A-C.—H aplophragmoides regular is nsp., AB Lateral and apertur^ views, K ' A UW A 59306, 

C Paratype U W,A,GX>, 59601, x 70 D, E .—Bolmnopsts cf (Cushmanand Valentine) ^ 

D. x 90. E x 53 F-H-Texmlaria ntumu^nus \ n.sp Ho otype,^-W A.G.D. 59307 %} miea Todd and 

Knito'uWAGD 5n& L iTx 35 M x 40 O-R '±T?xndar?a iutsoni n.sp, O-Q. Holotype UAV.AGO 59339. 
a l x e 35 P xfo Q 59 x 33 25. R. Paratype, U.W.A.G.D. 59603, x 35 ^-Gaudryina 

59304, x 60. T. U —Pahmtla hodgsoni n.sp T Holotype megalosphcrtc, U.NV.A.G.D 59383 , x 28 . U. I^raiype 
spheric, U W A G,D, 59387, x 33. V, W’ —QuasibohvineUa taylon n.gen,, n.sp., V. Holotype, U.W.A.G.u, t«i4, 

W. Paratype, UAV,A,G,D 47515 x 70^ 
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Figure 14 .—Dentalina cf. colei Cushman and Dusenbury, U W,A,G,D. 59359, x 15. B, C .—Vagimthna hormbrooki n.sp,, 
Holotype, U.W A.G D 59395, x 30. D, E .—Pseudopolymorphina carteri n.sp,, Holotype, U.W.AG^D. 59421, D. x 32! 
E. part of same specimen, x 65. F .—Buliminella rntledgei n.sp,, Holotype, U.W.A.G.D. 59431, x 40 G, H— Angulo- 
gerina hunti n.sp., Holotype, U.WA ( G,D. 59444, G, x 55, H. x 160. UL.—Epistominella macgowrani n.sp., I-K. Holotype. 
U W.A.G.D 59609, 1, J. x 65, K. x 50. L. Paratype, U.W.A.G.D. 59610, x 55. M-R .—Globorosalina we sir alien sis n.gen., 
n.sp. M-P Holotype, U W.A.G.D. 59486, M dorsal view, x 75, N. lateral view, x 55, O, P. ventral views O x 75 
P. x 300. Q Paratype, U.W.A.G.D. 59491, axial section, x 50, R. Paratype, U.W.A.G.D. 59492, equatorial section, x 55! 
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Figure 15.—A,— Globorosalina westraliensis n.gen., n.sp Paratype, U W.A.G.D. 59490, with broken ultimate and penultimate 
chambers showing resorbed chamber walls and thickened buttress, x 55. B-F.— Veruouina dorreeui n.sp , B-E Holotype, 
U.W.A.G.D. 59560, dorsal, ventral and lateral views, B, C. x 55, D, x 65, E Enlarged view of lower light hand side of 
Fig. B, x 200. F. Paratype, U W A.G.D. 59566, Axial section, x 55. G-J.— Linderina glaessneri n.sp. G. Holotype, 

U.WA.GD. 47476, x 25, H U.W A G D. 47472, equatorial section, x 32, 1, J. Paratype, U.W.A.G.D 47471, axial 
section, 1. x 17, J. x 120. K-N— Gavelinella we straiten sis n.sp, Holotype, UAVA.G.D. 59585, dorsal, lateral and ventral 
views, K-M x 50, N. Enlargement of ventral side, x 130. O-P,— Operculina btidensis (Hantken), Ck U.W.A.G.D. 47502, 
equatorial section, x 16, P. U.W.A.G.D. 59618, axial section, x 18. Q.— Crespinma kingscoteusis Wade U.W.A.G.D. 
47485, axial section, x 40. R, S.— Gypsiim disca Goes, R U.W.A.G.D. 60597, normal discoidal specimen, x 16, S. 
U.W A.G.D. 60598, abnormal specimen, Y-shaped in axial section, x 21. 
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Figure 16—A, B ,—Gypstna clisca Goes, A U W AGO 60600, axial section, x 27, B U W,A,G D 60599, embryonic chambers 
in equatorial section, x 50, C, D,—Halkyarclia bartrumi Parr, C U WAG D, 59555, x 43, D U W A G O 59556, axial 
section, x 50, E —Wadella hamtltonensis (Glaessner and Wade), U.W.AG.D. 59557, x 26, F —Mas line Ha cUapmam Glaess- 
ner and Wade, U,W,A,G,D, 77919, ventral view, x 25 G —Reovhax sp„ UWA.GD, 59278, x 50, H —Dentalina sp, 
A, U,W A.G.1X 59352, x 55, I ,—Dentalina sp, B, U W A.GD 39355, x 32, J ,—Dentalina sp C, U.W.A.G.D 59356 
x 30 K, L —Dentalinoides sp,, U.WAGD, 59360, x 30, M ,—Lagena sp,, U W AG D 59373, x 55 N —Lageua 
itexagona (Williamson), U,W,A,G.D, 59365, x 55. O ,—Gnttiilina communis d’Orbigny, U.W A.G D, 59418 x 60 P-Q — 
Vagintrfiuopsis sp., U W.A G,D. 59404, x 60 R .—Dentalina advena (Cushman), U W A G.D 59358, x 55, ’ S —Lenticnlina 
cf. rotulata Lamarck, UWA.GD, 59376, x 60, T ,—V aguuiUnopsLs tuarshalli (Finlay), U,W A,G,D. 59402 x 30 U — 
Dorothia parri (Cushman), U W.A.G D 59325, x 45. V —Renssella finlayi Dorreen , U,W,A,G,D 59442, x 65 
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Collins, U.W.A.G.D. 59455, ventral surface, x 45 B.—Rosalina 
59459 x 60 C— Glabratella crassa Dorreen, U.W.A.G I> 59470, 
U.W.A.G.D. 59474. x 80. E— Asterigerina lornensts Finlay, 
(Dorreen), U.W A.G.D. 59499, ventral surface x 45 G—Epomdes 
x 40. H.— Cibicides wacitlatus (Stache), UW' AG D 59540, x 75. 
50, J, x 42. K, L—C vortex Dorreen, U.W.A.G.D. 59542, x 75. 

M .-Astronouion cf, Tarkl H^rnibrook , ITW.A.G.D .59576 x LKW.A.G^D. 

and jones), U.W.A.G.D. 59594, x 35 


Figure 17.—A .—Discorbis balcombensis Chapman, Pan and 
(Neoconorbina) titrbinata (Tcrquem), U.W.A G.D. 
x 55 D .—Schackoinella wadecie Quilty, Holotype, 

UWAGD 59483, x 90. F ,—Cribrorotalia tamuia 
lornensfs Finlay, U.W.A.G.D 59567. ventral surface 
I J -C tInara (Stache), U.W.A.G.D. 59543, I x 
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the 16 specimens seen is 0.6-2.6 mm with a mean of 
1.5 mm. Thickness averages 0.4 mm with a range 
from 0.25-0.50 mm. Maximum diameter of figured 
specimens: 47502—2.00mm; 59618—2.32 mm. 

Superfamily Nonionacea Cushman 1927 
Family Anomalinidae Cushman 1927 
Genus Gavelinella Brotzen 1942 
Gavelinella westraliensis Quilty n.sp. 

Figures J5K-N 

Material: 14 specimens. Holotype 59585; paratypes 
59586-591. 

Diagnosis: Gavelinella with average diameter/thick¬ 
ness ratio of 1.78, 7-8 chambers in the last whorl 
in large specimens, 9-10 in smaller specimens, and 
“umbilical” flaps on the ventral side which do not 
extend backwards over the previous suture. Umbilical 
area on ventral side characterised by star-shaped 
series of radial depressions. 

Description: Test free, a very low trochospire, nearly 
plano-convex; more or less oval in cross section, 
bluntly carinate. Average diameter 0.48 mm (range 
0.35-0.62 mm); thickness 0.27 mm (0.19-0.39 mm). 
Plane side almost completely involute and umbili- 
cate. Central area surrounded by series of “um¬ 
bilical” flaps from proximal parts of each chamber, 
giving central area a star-shaped series of radial 
depressions. Posterior part of each (lap is part of 
opening of the aperture. This flap does not extend 
hackwards over the preceding suture. Intercameral 
sutures clear, thickened, elevated above the rest of 
the test. Test surface otherwise smooth. Sutures and 
chambers straight and radial for the proximal 1/3 
to 1/2 of proximal-distal height, then very strongly 
recurved. Chambers 7-8 in the last whorl in large 
specimens, but 9-10 in last whorl of smaller speci¬ 
mens. Periphery almost ventral, not lobulate, marked 
by dorsoperipheral slope which is concave in earlier 
chambers, almost plane in later chambers. In smaller 
Ispecimens, this is less well developed. Convex 
(dorsal) side of test completely involute without 
deep umbilicus but with shallow umbilical depression. 
Depression simple and not “ornamented” with flaps 
etc. Sutures again elevated, thickened, initially 
straight radial and then recurved. Aperture a low 
interiomarginal slit, dominantly over the periphery 
and extending to the central area of the ventral side, 
but dying out before reaching the umbilical part of 
the dorsal side; bordered by lip or rim. After another 
chamber is added, the septum is considerably re- 
sorbed to form a large septal foramen a little to 
one side. 

Remarks: G . zeal an die a Ho rni brook is more com¬ 
pressed, has more chambers per whorl and has a 
younger stratigraphic range. The most similar species 
is G. limbata Olsson from which G. westraliensis is 
distinguished by having a less lobulate periphery 
even to the ultimate chamber, in having more 
markedly stellate ventral and dorsal umbilici and in 
having a very characteristic profile. The periphery 
is almost ventral and there is a sloping dorsoperi¬ 
pheral band which is distinctly concave in early 
chambers of the final whorl and almost flat in the 
ultimate chambers. G. limbata occurs in the Early 
Eocene. G. westraliensis differs from most other 
species in being more robust and in being relatively 
thicker. The well marked stellate appearance of 
each surface is very characteristic. 


Conclusions 

1. Several species described and recorded here 
attest to the existence of an Australasian faunal 
province in the Late Eocene and that a “sub¬ 
province” may be recognised in southern Australia 
itself. 2. There must have existed a seaway between 
Australia and Antarctica to allow free migration of 
the Australian and New Zealand faunas. 3. There 
probably existed a temperature gradient from warmer 
waters in south-western Australia to cooler in south¬ 
eastern Australia. 4. The fauna described here ac¬ 
cumulated in water 30 m deep or shallower, in warm 
clear conditions in the lee of an island. 
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